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A. Statement of the problem studied:

This research had the objective of synthesizing new polymer electrolytes and

elucidating their conduction through a combination of experimental and theoretical

studies.

B. Summary of important results:

New siloxy linked polyethers with good low-temperature performance were

synthesized and investigated. We also explored a new polycarbonate polymer;

poly(diethylene glycol carbonate), and its salt complexes. The ionic conductivity was

found to be low for this material. Apparently the advantages of its high dielectric

constant are offset by low segmental motion.

Spectroscopic studies of the very promising phosphazene polyelectrolytes

containing Mg2+ - cryptand complexes. Ion pairing in this material was found to be

greatly reduced by the introduction of cryptands and this resulted in an order of

magnitude increase in ionic conductivity.

Molecular dynamics studies were performed on ion motion in a Stockmayer fluid.

These simulations provide considerable insight into the role of ion pairing and ion

screening on the role of ion transport. Molecular dynamics simulations in NaI solutions,

where the solvent has been represented by a simplistic Stockmayer fluid (spherical

particles with point dipoles), were performed as a function of temperature, salt

concentration, magnitude of ionic charge and solvent dipole strength. In a high dielectric

solvent where coulomb screening is more efficient, free ions and solvent separated pairs

are most prevalent. In a weaker dielectric contact ion pairs and ion clustering occurs.

Thermodynamic analysis shows that this temperature behavior is predominantly



entropically driven.

The transport properties calculated in the solutions of lower dielectric constant and

charge of le confirm the clustered nature of the salt, with strong deviations form Nernst-

Einstein predictions for the calculated conductivities. In systems where the solvent-ion

interactions increase relative to ion-ion interactions (lower charge or higher solvent dipole

moment), less clustering is observed and the transport properties indicate independent

motion of the ions, with higher calculated conductivities.

In a second area, we have prepared polysiloxyaluminate-polyethylene oxide

polymers. The concept here is to incorporate a polyelectrolyte containing a large low

basicity and highly flexible anion (the siloxyaluminate) into a polymer chain.

The initial synthetic work in this area has yielded:

OSiMe3

PEO-(SiMe 2O)n - Al" -(OSiMe2 )n-PEO{SiMe2O-)n

Na* OSiMe2 -PEG-AI" Na÷

This rubbery material exhibits a conductivity of 10"6 S/cm at room temperature. We have

explored the conductivity of this class of materials as a function of

aluminosilicate/ethylene oxide ratio. (In effect, this corresponds to higher charge density).

The result is a maximum in the conductivity similar to that seen for simple polymer-salt

complexes. An increase in conductivity is observed when cryptands are introduced.

These materials are very promising for a variety of applications because they

should be chemically robust and have the highest conductivity we have observed for a

polymer electrolyte.

Using both microwave spectroscopy and theoretical modeling based on our dynamic

percolation picture, we have been able to quantify the understanding that segmental
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motions of the polymeric host facilitate ion transport. Figure 1 shows a comparison of the

results for conductivity on the one hand, and for glass transition relaxation maxima on

the other, in a series of ether based polymer electrolytes. When scaled by the reduced

temperature, these two quantities lie essentially on the same line. This means that

knowledge of the glass transition frequency in the parent polymer will fix the mobility

contribution to the conductivity in the polymer electrolyte. This quantification of the

statement that has been made for the last decade in the literature, that segmental

motions of the polymer assist ion transport, is an important quantitative improvement in

the understanding how to prepare more effective electrolytes.

An important result, based purely on modeling elucidates the temperature

dependence of ion pairing and clustering in these materials. We used molecular dynamics

to demonstrate clearly that ion clustering is entropy driven, and that it increases with

increasing temperature. This increase of the clustering competes with the increase in

mobility, to produce the overall temperature dependence of the conduction process. Figure

2, for example, shows the dependence of the potential mean force active between two ions

(sodium iodide) in a characteristic polymer electrolyte. Notice that the depth of this

potential increases with temperature, corresponding to an increase of tight ion pairing

(average distance is .95, in the reduced units used in the figure). This temperature

dependence arises both from the change with the dielectric constant of the host fluid, and

from entropic considerations. It implies that the clustering processes will lead to a

correlation that decreases conductivity at higher temperatures.
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